Summary &mdash; Natural aggregations of A mellifera L have not been reported. However, in the related species A dorsata, aggregations of colonies are common. A survey of the spatial distribution of feral A mellifera colonies showed that they too can be markedly clumped, with up to 10 colonies/ha. For these heavily clumped colonies, we inferred queen genotype from worker samples for: 1) malate dehydrogenase; 2) a mitochondrial DNA polymorphism; and 3) a microsatellite locus. The aggregation examined was composed of colonies headed by potentially related (ie parent/offspring or sister) queens, and unrelated colonies. Thus, it is likely that existing colonies attract swarms and that swarms may not always travel far from the natal nest in an environment that is replete with nesting sites.
INTRODUCTION
This study was prompted by a casual observation in a caravan park in Devonport, Tas- mania, Australia of 12 colonies of feral honey bees (Apis mellifera) all within 200 m of each other (Oldroyd et al, 1995) . This seemed an extraordinary density of honey bees. Densities of feral colonies are typically estimated as 0.5-5 colonies/km 2 (reviewed by Ratnieks et al, 1991; Oldroyd et al, 1994) . Aggregations are completely unexpected on the basis of Lindauer's (1961) (von Frisch, 1967) .) On this basis, most natural swarms move 500-1 500 m from the natal nest (Lindauer, 1951 (Lindauer, , 1955 Seeley and Morse, 1977) , although scouts have been reported to dance for nest sites over 10 km from the natal nest (Villa, 1993) . Lindauer (1955) suggested that swarms aware of 2 nest sites of equal value select the more distant 1 to move to. However, this conclusion was questioned by Seeley and Morse (1977) and Parise (1980, 1981) . They showed that under controlled conditions where swarms were offered nest cavities of equal merit at different distances from the cluster, swarms had a preference for the nearest nest site.
If, as Jaycox and Parise (1980, 1981) and Seeley and Morse (1977) (1980, 1981) suggest, that suitable nest sites are rare in most environments, or simply that systematic searches for honey-bee nests have not revealed the phenomenon.
In the related species A dorsata, the giant honey bee of Asia, aggregations of colonies are common Seeley, 1985, p 150) . Colonies tend to aggregate in groups of 2-60 under a single rock ledge or on a single tree (Koeniger and Koeniger, 1980 Oldroyd et al (1994) estimated that there are 77 feral colonies/km 2 , in the 0.5-1 km wide band of E camaldulensis / E largiflorens woodland that borders the dry creek bed that passes through the park. This is an extremely high density of feral bee colonies (Otis, 1990; Ratnieks et al, 1991) , and reflects the very favourable environment for honey bees. The distribution of mallee (Eucalyptus spp) and banksia (Banksia ornata) species provide an exceptionally rich and varied nectar and pollen resource (Oldroyd et al, 1994) . Oldroyd et al (1994) Oldroyd et al (1995) . DNA was resuspended in 50 ml of 1 x Tris-EDTA buffer.
Protein electrophoresis
The 10 &mu;l crude extracts were electrophoresed for 20 min on cellulose-acetate gels (Helena Laboratories, Beaumont, TX, USA) at 200 V in a 0.08 M Tris-EDTA-maleic acid running buffer (pH 8.2). Malate dehydrogenase isozymes (Sylvester, 1976; Cornuet, 1979) were visualised by coating gels with 8 ml 1% molten agar to which 0.6 ml 0.1 M Tris-HCl (pH 8.0), 0.4 ml each of 0.04 M nicotinamide adenine dinucleotide and 1 M disodium malate (pH 7.0), and 0.2 ml each of 0.145 M methylthiazoyle blue and 0.065 M phenazine methosulphate had been added. Three alleles were scored as S, M and F according to the amount of anodal migration. Where genotypes were ambiguous, they were re-run against known standards on the same gel.
Microsatellites
One primer of the microsatellite locus A107 (Estoup et al, 1994) was radioactively endlabelled. In a total reaction volume of 10 &mu;l, the & g a m m a ; -phosphate from 33 P-dATP (Dupont) was transferred to the 5'-terminus primer-2, using T4 polynucleotide kinase (Promega). Estoup et al (1994) . PCR (Ludwig and Reynolds, 1988 (Wenner, 1992) .
Why should honey-bee nests sometimes form aggregations? Several hypotheses are plausible.
Aggregation is a result of preference for swarms to travel a short distance from the natal nest Parise (1980, 1981) (fig 3) . Therefore, while short dispersal distances by swarms may explain some aggregations, this factor is unlikely as an explanation of the aggregation reported here.
Short dispersal distance cannot explain aggregations of A dorsata colonies. A dorsata regularly undertake long-distance migration which may exceed 200 km (Koeniger and Koeniger, 1980; Dyer and Seeley, 1994) . When a migrating swarm arrives at a new location, it has the choice to join an existing aggregation, or to settle distantly from existing colonies (provided that there are sufficient nest sites available, see below).
Aggregation is a consequence of an uneven environment Honey bees often make foraging trips exceeding 2 km (Knaffl, 1953; Beutler, 1954; Wenner, 1992) and over 6 km when forage is scarce (Visscher and Seeley, 1982) . Therefore all colonies in this study had flying ranges that potentially overlapped those of colonies at other sites. There was no nest site, floral or water resource at or near site 7 that was not within flying range of sites 2 and 5 (fig 1) . Site 5 in particular is less than 300 m from site 7 (fig 1) , and the aggregation of 9 colonies found outside the plots (fig 1) is less than 2 km from site 5. No colonies were found at site 5. Twelve colonies were found at site 7. Sites were specifically selected for their similarity. The number of hollows suitable for nesting bees was similar and universally high among the plots (Oldroyd et al, 1994) . We found no significant correlation between the number of colonies per plot, and the number of trees or hollows. (Note however, that some hollows that were too small to be favoured by bee colonies were included in these data.) It is therefore extremely unlikely that some unique resource was available at site 7 that was not available to colonies at other sites.
Seeley et al (1982) suggested that aggregations of many A dorsata colonies on particular trees is a consequence of a shortage of suitable nesting sites. In support of this claim, they reported that at 4 urban sites, the average number of colonies per aggregation was 10.0, while in undisturbed forest there were 1.7 colonies (n = 11). However, their conclusion presupposes that there is a shortage of sites in cities. Our own observations (unpublished) Seeley et al (1982) suggested that aggregation may reduce the probability of being attacked by reducing the probability of becoming the predator's victim (Brock and Riffenburgh, 1960) . This seems a very difficult hypothesis to test. Furthermore, the major predators of honey bees are large mammals including humans and bears (Caron, 1990) . Aggregation would appear to increase the chances of detection and the likelihood of predation, so we do not favour this hypothesis.
Aggregation improves mating efficiency
Honey bees mate on the wing, a potentially hazardous activity (Moritz, 1985) . Aggregation could reduce the time required for virgin queens to locate a drone congregation area (Ruttner and Ruttner, 1972; Koeniger et al, 1994) (Crozier, 1975) . Diploid individuals that are homozygous at the sex locus are male, but are eaten by workers at the first larval instar (Woyke, 1963) . Mating with brothers reduces brood viability by causing an increase in homozygosity at the sex locus. Shaskolsky (1976) , Page (1980), Page and Metcalf (1982) , Crozier and Page (1985) and Ratnieks (1990) (Free et al, 1981 (Free et al, a, 1984 Kigatiira et al, 1986; Witherell and Lewis, 1986; Schmidt and Thoenes, 1987,1992; Schmidt etal, 1989; Villa, 1993; Winston et al, 1993; Schmidt, 1994) . It is usually assumed that scouts are attracted because Nasonov pheromones guide swarms and induce clustering (Avitabile et al, 1975; Free et al, 1981 a, b (Seeley, 1978 (Oldroyd et al, 1994 
